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(54) Fuel cell generator and method of operating the same 



(57) The invention definitely detects and cancels poi- 
soning of a electrocatalyst in a fuel cell without delay A 
first temperature sensor (61 ) and a second temperature 
sensor (63) are disposed respectively at an inlet and an 
outlet of first channels (34p) for gaseous fuel in a fuel ceil 
(10), An electronic control unit (70) receives detection 
signals from the temperature sensors (61 ,63) and esti- 
mates a degree of poisoning of electrocatalyst on an 

-Fig. 1 



anode (32) based on the detection signals. When deter- 
mining that the electrocatalyst is poisoned, the electronic 
control unit (70) controls on and off first through fourth 
solenoid valves (51-54) to change the flow directiori of 
the gaseous fuel through'the first channels (34p). This 
allows a place with electrocatalyst poisoning to be 
exposed to the gaseous fuel having a.relatively low con- 
centration of carbon monoxtda 
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Description 

BACKGROUND OF THE INVEMTION 
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^ ^"3°^^-^ CO + 2H2- 21 .7 kcalATiol(endotherniic reaction) (i) 

CO + H2O -* CO2 + H2 + 9.8 kcaWnol (exotfiemiic reaction) (2) 
^ °^°"t"H20-»C02+3H2-11.9kcalATiol(endothermicreaction) (3) 

as poisoning electro^^t^S al^e Xene^or a^^^^^ °* "'l""*^ ^ ^^^^ 

carbor, monoxide inCuded Inle fl^e^^L.fL'S ^^^ ^^ -^^"'^^ ^ ^cture which aHo ws presence of 

S.63 aS^a s'i^r'^^ soMngtf,e above proWea, (JAPANESE PATENT LAYINGOPEN GAZETTE No 

with an inaease in teaperatire iJsl^S^!^^ '"^^^ 
raises the temperalureS the^^d cTto S^J ^ concentraton of carbon monaade. the structure 
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SUMMARY OF THE INVENTION . 

The object of the invention is thus to definitely detect and cancel poisoning of electrocataJyst in a fuel cell without 
delay. 

5 The atx)ve and the other objects are realized by a fuel cell generator for generating an electromotive force through 
an electrochemical reaction of a reactive gas. The fuel cell generator comprises: 

a first electrode having a surface with a electrocataiyst applied thereon, the reactive gas being fed to a surface 
of the first electrode to cause the electrochemical reaction: 

a flow path having an inlet and an outlet for supplying tine reactive gas"tD the surface of the first electrode: 
TO reactivity difference detecting means for detecting a difference in reactivity of the electrocataiyst between the inlet 

and the outiet of the reactive gas on the surface of the electrode: 

estimation means for estimating a degree of poisoning of4he electrocataiyst based on the difference detected by 
the reactivity difference detecting means: and 

poisoning cancellation means for canceling the poisoning according to the degree of poisoning of the eledrocat- 
r5 alyst determined by tiie estimation means. 

In the fuel cell generator thus constructed, the estimation means estimates a degree of poisoning of electrocataiyst 
based on the difference in reactivity detected by tiie reactivity difference detecting means. The difference in reactivity 
suff identiy corresponds to the degree of poisoning of electrocataiyst The estimation executed by the estimation means 
accordingly has high accuracy ard precision. The poisoning cancellation means cancels tiie poisoning according to tfie 
20 . degree of electrocataiyst poisoning determined by the estimation means. This structure definitely cancels tiie poisoning 
of electrocataiyst in the fuel cell without delay. 

According to one preferable st^ucture. the fuel cell generator further comprises gas utilization calculating means for 
calculating a degree of utilization of the reactive gas on the first electrode. In tills structure, it is preferable tiiat the 
estimation means is provided with prohibition means for prohibiting the estimation of the degree of poisoning when the 
25 degree of utilization of the reactive-gas represents insufficiency of the reactive gas. 

The gas utilization calculating means p'referaiDly comprises: requiredf low calculation meansJor calculating a required 
flow of the reactive gas to the electrode: actual supply calculation means for calculating an actual supply of the reactive 
gas to the electrode; and difference calculation means for calculating a difference between the required flow and the 
actual supply. 

30 According to another preferable structure, the reactivity difference detecting means in provided with terrperature 
difference detecting means for detecting a difference in temperature between the inlet and the outiet of the flow path. 

In an alternative structure, the reactivity difference detecting means has electrical output difference detecting means 
for detecting a difference in electrical output of the f rst electrode between the inlet and the outiet of the flow patii. 
According to still another possible structure, the poisoning cancellation means has gas flow control means for con- 
as trolling a flow direction of the reactive gas to thereby reduce the poisoning. 

In this structure, it is preferable tiiat the poisoning cancellation means further conprises: a second electrode having 
a surface with a electrocataiyst applied thereon, an oxidizing gas being fed to a surface of tiie second electrode; oxidizing 
gas flow control means for controlling a flow direction of the coddzing gas. to make the flow direction of the oxidizing gas 
identical with the flow direction of the reactive gas. 
40 In the structure above, it is also preferatile that the fuel cell generator further comprises a coolarrt conduit running 
substarrtially parallel to the surface of the electrode for passing a coolant parallel the flow direction of the reactive gas. 
in this case, the poisoning cancellation means has coolant flow control means for controlling a flow direction of tiie 
coolant through the coolant conduit to thereby reduce said poisoning. 

It is further preferable that the fuel cell generator has: temperature contiT3l means for varying tenperature of tiie 
45 coolant fed to the coolant conduit and flow control means for varying a flow of the coolant fed to the coolant conduit. In 
this sto-uctijre, tine poisoning cancellation means preferably has cooling heat quantity control means for activating tiie 
temperature control means and the flow control means to lower the temperature and the flow of the coolant, so as to 
maintain a quantity of heat adsorbable by the coolant consent 

According to another preferable application, tiie fuel cell generator also has reformer means for reforming a fuel to 
so generate the reactive gas, wherein ttie poisoning cancellation means has refomrdng suppression means for fordbly 
lowering a concentration of cartxxi monoxide included in the reactive ga& It is also preferable that the poisoning can- 
cellation means further comprises: gas flow reversion means for reversing the flow direction of the reactive gas along 
the surface of the first electrode; and selective activating means for selectively activating one of the gas flow reversion 
means and tiie reforming suppression means according to the degree of poisoning of electrocataiyst estimated by the 
55 estimation mear«. 

According to sti'II another application, tiie poisoning cancellation means has supply pressur increasing means for 
temporarily increasing a supply pressure of tiie reactive gas to tiie first electroda In this case, rt is preferable tiiat the 
poisoning cancellation means further comprises: gas flow reversion means fa rev rsingth flow direction of th reactive 
gas along the surface of the first electrode; and selective activating means for selectively activating one of the gas flow 
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along th surface erf *e first electrode; and selective activating for selSiveiy activating one of tf?^ ,S 
reverson means and ttiestr^meansaccordingtoth^ 

.1 J^'I!!J«f" is also directed to a fuel cell generating method for generating an electromotive foxe through an 
electrochemical reaction of a reactive gas. The method comprises the steps of: 

it^^'?^ 'T'f^!!^! "^"^ * ^ electrocatalyst applied thereon, the reactive gas being fed to 

a surface of the first electrode to cause the electrochemical reaction- oeing lea to 

S 21 C° '^^^ electrocatalyst between the inlet and the outlet of the flow path 

S poisoning of the electrocatalyst based on the difference detected in the slepYc)- and 

(e) canceling the pasoning according to the degree of poisoning of the electmcatalyst detem^ned inle siep (d). 

Thew and other objects..features. aspects, and advantages of the present invention will become more apparent 
from the following detailed description of the preferred embodiments with the accompanying dra^S^ ^ 

BRIEF DESCRIPTION OF -mE DRAWINGS 

« al^'r^^gtotelSor'™''^''"^^^^ 

Fig. 2 is a cross sectional view showing the fuel cell 1 6; 

Fig. 3 is a decomposed perspective view illustreting the fuel cell 10- 

ttSugf ''"^ °* ^"^^ ^ 



70 in fte f iJS'ImS^^^^ ^ *^ ^ °* *® ^'^"'"^ '=°"'™' 

Hg. 6 is a block dagram schemat'caliy showing a modification of the first embodiment- 
ing -to *e f^o^ s*ematicany illustrating a fuel cell generator system 200 as a second embodiment accord- 

^^^f^^^^^^^'^^^y^^^^^^^i cell generator system 300 as athird embodimem according 
« TO in J,?thiIS^^jJ^"° ^ ^2 of the electronic control unit 

SiJI i,n Wockdiagram schematicaJly illustrating a fuel cell 10 and peripheral elements in a fuel cell generator 
system 400 as a fourth embodiment according to the invention: generaior 

To in ^ ^!^'^^"^ ^ ^^^^ ^ ^ CPU 72 of the electronic control unH 

70 in the fourth embodiment; 

45 Fig^3 is ablock diagram schematically illustrating a stmcture of a fuel cell generator system 500 as a fifth en*od- 
imem according to the invention; 

Siit'^ ^ w"* **«™«""y "luslrating a structure of a fuel cell generator system 600 as a sixth en*od- 

imem accoraing to the invention; 

f!^- t '^'^^^^^ schematically Ulustrating a structure of a fuel cell generator system 700 as a seventh 
so embodiment accortfing to the Invention; and «e«wenin 
Rgs. 1 6 andl 7 are flowcharts showing a control routine executed by the CPU 772 of the electronic control unit 770 
in me seventh errcodiment 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

55 

1 as a first embodiment 

accordrngtothenventon-ThefuelcellgeneratorsystemlindudesafuelcelllOajmposedof 

res2::^2"l2^f rj?'- ^ ^^"^^^"^ ^ stZ: a 

reservoir 12 arxl water stored in a water resen^ir 14. a gaseous fuel supply conduit 18 for feeding th hydrogen-rich 
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gas generated by the reformer 16 as a gaseous fuel to ttie fuel cell 10. and a gas discharge conduit 20 for discharging 
residual gas from the fuel cell 1 0. The fuel cell generator system 1 is further provided with an electric control system 22 
including a microcomputer. 

A typical structure of the fuel c I1 10 composed of a solid polymer electrolyte is described according to the cross 
5 sectional view of Fig. 2 and the decomposed perspective view of Fig. 3. The fuel cell 1 0 includes an electrolyte membrane 
31 , an anode 32 and a cathode 33 arranged aaoss the electrolyte membrane 31 to work as gas diffusion electrodes, 
first and second separators 34 and 35 disposed respectively outside the anode 32 and the cathode 33 to constitute flow 
paths for flows of gaseous fuel and oxidizing gas. andf irst and second current collectors 35 and 37 disposed respectively 
outside the first and the second separators 34 and 35 to work as cunerTt-collecting electrodes. 
10 The electrolyte membrane 31 is an ion-exchange membrane composed of polymer material, such as fluororesin. 
and has favorable etectricaJ corxiuctivity under wet condition. The anode 32 and the cathode 33 are coniposed of carix)n 
cloth, which is woven of cart)on fibers and contains caxbon powder with platinum acting as a electmcatalyst. 

The first and the second separators 34 and 35 are composed of dense cart>on plates. The first separator 34 has a 
plurality of ribs, which constitute, in connection with the surface of the anode 32, a plurafity of first channels 34p allowing 
15 flows of gaseous fuel. The second separator 35 also has a plurality of ribs, which constitute, in connection with the 
surface of the cathode 33, a plurality of second channels 35p allowing flows of oxidizing gas. The first and the second 
current collectors 36 and 37 are composed of copper (Cu). 

Each single cell element of the fuel cell 1 0 has the structure descrflDed above. Jn actual configuration of the fuel cell 
10. plural ceil elements of first separator 34/anode 32/electro!yte membrane 31/cathode 33/second separator 35 are 
20 laid one upon another, and the first and the second cunent collectors 36 and 37 are disposed outside the plural cell 
elements. 

Referring back to Fg. 1 , the gaseous fuel supply conduit 18 and the gas discharge conduit 20 have a piping structure. 
' which indudes a main pipe 40 connecting with the reformer 16, first and second branch pipes 41 arid 42 connecting 
with the main pipe 40, a combined pipe 43 connecting with the first and the secorxl branch pipes 41 and 42, a first 

25 connecting pipe 44 branching off in the middle of ttw first branch pipe 41 and connecting with a first fuel gas inlet/outlet 
1 0a on one side of the fuel cell 1 0, and a second connecting pipe 45 branching off in the middle of the second branch 
pipe 42 and connecting with a second fuel gas inlet/outlet 10b on the other side of the fuel cell 10. The first fuel gas 
inlet/outlet 1 0a is connected to a manifold (not shown) and further to the plurality of first charwiels 34p of the fuel cell 1 0 
via the manifold. The second fuel gas inlet/outlet 1 0b is also connected to another manifold (not shown) and further to 

30 the plurality of first channels 34p of the fuel ceil 1 0 via the manrfoid. 

A first solenoid-operated on-off valve 51 (hereinafter referred to as solerioid valve) is disposed before a f ^ joint 
44a (on the side closer to the reformer 1 6) in the first branch pipe 41 , whereas a second solenoid valve 52 is disposed 
after the first joint 44a. A third solenoid valve 53 is disposed before a second joim 45a (on the side closer to the reformer 
16) in the second branch pipe 42. whereas a fourth solenoid valve 54 is disposed after the second joint 45a. 

3S In the gaseous fuel supply conduit 1 8. and the gas discharge conduit 20 thus constructed, while the first solenoid 
valve 51 and the fourth solenoid vaive 54 are open and the second solenoid valve 52 arxj the third solenoki valve 53 
are closed as showvn in Rg. 4(a). a gaseous fuel supplied from the reformer 16 passes through the main pipe 40 and 
the first solenoid valve 51 of the first branch pipe 41 and goes from the first joint 44a to the first fuel gas inlet/outlet 1 0a 
as shown by the one-dot chain line. The gaseous fuel fed into the fuel cell 10 goes downward (in the drawing) and is 

40 consumed through electrochemical reactions at the anode 32. In general procedures, the amount of hydrogen contained 
in the gaseous fuel or hydrogen-rich gas supplied to the fuel cell 10 is greater than a required amount of hydrogen 
determined by calculation. Unconsumed hydrogen through the electrochemical reactions and cartxsn dioxide contained 
in the hydrogen-rich gas but riot concerned in the electrochemical reactions are discharged as residual gas from the 
second fuel gas inlet/outlet 1 0b of the fuel cell 1 0. The residual gas then passes through the fourth solenoid valve 54 of 

45 the second branch pipe 42 via the second joint 45a and is discharged from the combined pipe 43 to the atmosphere. 
This flow of gaseous fuel is defined as flow in the normal direction. The fuel cell is maintained under such condition 
during initial operations. 

W^aIq the second solenoid 'w-alve 52 and the third solenoid v^i^ve 53 are cpsn and the frst solenoid vsK-e 51 and the 
fourth solenoid vaive 54 are dosedas shown in Rg. 4{b), on the contrary, a gaseous fuel supplied from the reformer 16 

50 passes through the main pipe 40 and the third solenoid vaive 53 of the second branch pipe 42 arxj goes from the second 
joint 45a to the second fuel gas inlet/outlet 10b as shown by the one-dot chain lin& The gaseous fuel fed Into the fuel 
cell 10 goes upward (in the drawing) and is consumed through electrochemical reactions at the anode 32. The residual 
gas discharged from the first fuel gas inlet/outiet 1 0a of the fuel cell 1 0 passes through the second solenoid valve 52 of 
the first branch pipe 41 via the first joint 44a and is discharged from the combined p^ 43 to the atmosphere. This flow 

55 of gaseous fuel is defined as flow in the reverse direction. 

Refening again to Rg. 1. the control system 22 arranged at the first channels 34p (s e Rg. 2) works as a sensor 
for detecting conditions of the fuel cell 10. The control system 22 indudes first and second temperature sensors 61 and 
63 for detecting temperatures on the surface of the anode 32. and an electronic control unit 70 connecting witti the first 
and tiie second temperature sensors 61 arvj 63. The first and the second temperature sensors 61 and 63 are thermo- 
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couples attached to both ends of one channel sel cted among the plurality of first channels 34p. The first temperature 
sensor 61 and the second temperature sensor 63 are respectively disposed in an upper half and a lower half in the 
drawing of Fig. 1. 

The electronic control unit 70 constructed as a logic circuit with a microcomputer includes a CPU 72 for executing 
5 predetermined operations according to preset control progranre, a ROM 74 which control programs and control data 
required for execution of various operations by the CPU 72 are previously stored in. a RAM 76 which various data 
required for execuliori of various operations by tfie CPU 72 are temporarily written in and read from, an input circuit 78 
for receiving output signals from the first and the second temperature sensors 61 and 63, and an output circuit 79 for 
outputting on/off signals to the first through the fourth solenoid valves 51 through 54 based on the results of operations 
10 by the CPU 72. 

The CPU 72 of the electronic control unit 70 receives the output signals from the first and the second temperature 
sensors 61 and 63 and calculates a temperature difference betweenixrth ends of the selected first channel 34p where 
the first and the second temperature sensors 61 and 63 are disposed. The CPU 72 controls on and off the first through,, 
the fourth solenoid valves 51 through 54 based on this temperature difference and changes the flow direction of gaseous 

75 fuel supplied to the first channels 34p in the fuel cell 1 0. 

Fig. 5 is a flowchart showing a gaseous fuel control routine for changing the flow direction of gaseous fuel. The 
gaseous fuel control routine is executed repeatedly by the CPU 72 of the electronic control unit 70 at predetermined 
time intervals. When the program enters the routine, the CPU 72 reads a first electrode temperature T1 detected by the 
first temperature sensor 61 and a second electrode temperature T2 detected by the second temperature sensor 63 at 

20 step S1 1 0. A temperature difference TS is calculated by subtracting the second electrode temperature T2 from the first 
electrode temperature T1 at step S120. It is ttien determined whether thetemperature difference TS is greater than a 
predetermined level TA {>0) at step SI 30. 

When the answer is YES at step SI 30. that Is, when the temperature difference TS is detenmined to be greater than 
the predetermined level TA. the program goes to step S140, at which the CPU 72 transfers" valvMlose signals to the 

25 first solenoid valve 51 and the fourth solenoid valve 54 while sending valve-open signals to the second solenoid valve 
52 and the third solenoid valve 53 to close the first and the fourth solenoid valves 51 and 54 and open the second and 
the third solenoid valves 52 and 53. Such control allows the gaseous fuel to flow in the reverse direction in the fuel cell * 
10 as shown in Rg. 4(b). 

The affinrative answer is obtained at step 3130. when the first electrode temperature T1 detected by the first tem- 

30 perature sensor 61 is greater than the second electrode temperature T2 detected by the second temperature sensor 63 
by a value greater than the predetermined level TA. Such a large temperature difference is ascrtoed to the fact that 
different places on the surface of the anode 32 have different degrees of poisoning. Places with higher degrees of 
poisoning have lower outputs, while electric current concentrates on places with lower degrees of poisoning. This results 
in a temperature deaease on the places with higher degrees of poisoning arxl a temperature inaease on the places 

35 with lower degrees of poisoning. 

As described previously, places closer to the outlet of the first channels 34p have higher concentrations of cariDon 
monoxida This means that the places doser to the outlet have higher degrees of poisoning and thereby lower temper- 
atures. When the gaseous fuel flows in the nonmai direction as shown in Fig. 4(a), tfie first temperature sensa 61 
disposed on the side of the first fuel gas inlet/outlet 10a detects a higher value for the first electrode temperature Tl . 

40 whereas the second temperature sensor 63 dsposed on the side of the second fuel gas inlet/outlet 1 0b detects a lower 
value for the second electrode temperature 12. This leads to the affirmative arwer at step S130. 

The process at step S140 under such conditions makes the gaseous fuel flow in the reverse direction from the 
second fuel gas inlet/outlet 1 0b to the first fuel gas inlet/outlet 1 0a as shown in Fig, 4(b). This backf low feeds the gaseous 
fuel with a relatively low concentration of cartx)n monoxide to a place in the vicinity of the second fuel gas inlet/outlet 

45 10b previously poisoned by cartxsn monoxide. Poisoning of platinum electrocatalyst tjy cartxDn nxjnoxide signrficantiy 
depends tpon the concentration of cartxjn mbnoxida The lower concentration of cartxjn moncodde worte to carx:el the 
poisoning of the electrocatalyst and activates the electrochemical reactions in the vicinity of the second fuel gas inlet/out- 
let 10b, tiiereby raising the temperatijre to a normal level in tiie vidnrty of 1he second fuel gas inlet/outlet 10b, This also 
cancels the excessive concentration of electric cun-ent on tiie first fuel gas inlet/outlet 10a. thereby lowering the temper- 

50 ature to a normal level in the vidnity of the first fuel gas inlet/outiet 10a. The process executed at step Si 40 gradually 
cancels tiie tenrperature difference TS between the second electrode terrperature T2 detected by the second temper* 
ature sensor 63 disposed dose to tiie second fuel gas inlet/outiet 10b and the first electrode temperature T1 detected 
• by the first tenperature sensor 61 disposed dose to the first fuel gas inlet/outiet 10a. 

The predetemiined level TA used at step SI 30 for comparison with the temperature cSfference TS as a criterion for 

55 poisoning depends upon iaach fuel cell 10. Even in normal operations causing no poisoning of electrocatalyst asigniflcant 
temperature differenc TS may be observed under the following conditions: a large electrode area of the fuel cell 10 or 
a large temperature difference betw en tfi inlet temperature of cooling water of tiie fuel cell 10 and the operation 
temperature of ttie fuel cell 10. In general procedures, the first and tiie second electrode temperatures Tl and t2 are 
detected first for a gas containing no cartxjn monoxide fed to the fuel cell 10 and then for a gaseous fuel containing a 
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known concentration of carbon monoxide. A criterion for poisoning of electrocataiyst is determined based on these data 
of temperature differences between T1 and T2. in this embodiment, a temperature difference of 3 through 5 'C greater 
than the normal temperature diff rence TS between T1 and T2 is used as a criterion for poisoning of electrocataiyst, 
Refemng backto the flowchart of Fi g. 5. when the answer is NO at step S1 30. that is, when the temperature dfference 

5 TS is determined to be not greater than the predetermined level TA, the program proceeds to step S150 at which it is 
determined whether the temperature difference TS is smaller than -TA. an additive inverse or negative of the predeter- 
mined level TA. This is equivalent to determining whether a temperature difference -TS calculated by subtracting the 
first electrode tenperature T1 from the second electrode temperature T2, that is, an additive inverse of the tenperature 
difference TS. is greater than the predetermined level TA. 

w When the answer is YES at step Si 50. that is. when the additive inverse -TS is determined to be greater than the 
predetermined level TA, the program goes to step S160, at which'the CPU 72 transfers vah/e-open signals to the first 
solenoid valve 51 and the fourth solenoid valve 54 while serxiing valve-dose signals to the second solenoid valve 52 
and the third solenoid valve 53 to open the first and the fourth solenoid valves 51 and 54 and dose the second and the 
. third solenoid valves 52 and 53. Such control allows the gaseous fuel to flow in the normal direction in the fuel cell 10 

IS as shown in Rg. 4(a). 

The aff innative answer is obl^ned at step Si 50. when the second electrode temperature T2 detected by the second 
tenperature sensor 63 is greater than the first electrode temperature T1 detected by the first tenperature sensor 51 by 
a value greater than the predetermined level TA. Such a large terrperature difference is observed when poisoning of 
electrocataiyst arises again in normal operations of the fuel cell 10. after the flow direction of gaseous fuel is changed 

20 once through the process at steps S130 artj Si 40 to cancel the poisoning of electrocataiyst when the first electrode 
temperature T1 is greater than the second electrode temperature T2 by a value greater than the predetennined level 
TA. When the gaseous fuel flows in the reverse direction as shown in Fig. 4(b). places closer to the first fuel gas inlet/outlet 
10a have higher concentrations of cart>on monoxide, which leads to poisoning of electrocataiyst. The first electrode 
temperature T1 detected by the first tenperature sensor 61 disposed on the side of the first fuel gas inlet/outlet 10a 

25 accordingly becomes lower than the second electrode tenperature 12 detected by the second temperature sensor 63 
disposed on the side of the second fuel gas inlet/outJet 1 0b This leads to the affirmative answer at step Si 50. 

The process at step S160 under such conditions makes the gaseous fuel flow in the nonnal direction from the first 
fuel gas inlet/outlet 1 0a to the second fuel gas tniet/outlet 1 0b as shown in Fig. 4(a). Change of the flow from the reverse 
direction to the normal direction feeds the gaseous fuel with a relatively low concentration of carbon monoxide to a place 

30 in the vicinity of the first fuel gas inlet/outlet 10a previously poisoned by carbon monoxida The lower concentration of 
cartx3n monoxide works to cancel the poisoning of the electrocataiyst and activates the electrochemical reactions in the 
vicinity of the first fuel gas inlet/outlet 1 0a. thereby raising the tenperature to a normal level in the vicinity of the first fuel 
gas inlet/outlet 1 0a. This also cancels the excessive concentration of electric current on the second fuel gas inlet/outJet 
1 0b. thereby lowering the tenperature to a normal level in the vicinity of the second fuel gas iniet/outlet 10b The process 

35 executed at step 81 60 gradually cancels the tenperature drfferenceTS between the first electrode temperature T1 and 
the second electrode temperature T2. 

After the pnxess at step S140 or S160 for canceling the terrperature difference, the program goes to step S170 at 
which the further process is delayed by a predetermined time sufficiern for thorough cancellation of the tenperature 
difference TS. The delay time depends upon the stmcture of each fuel cell 10. for example, the length and diameter of 

40 piping of the fuel cell . positions of the on-off valves, the gas flow rate, and the gas pressure, it is thus essential to measure 
a time required for thorough cancellation of electrocataiyst poisoning for each fuel ceU. The delay time is preferably set 
1 .2 through 1.5 times the required time for thorough cancellation. After the process at step 8170. the program goes to 
RETURN to exit from the routine. When the answer is NO at step S150. the program also goes to RETURN to exit from 
theroutina 

45 The fuel cell generator system 1 of the first embodiment detects the tenperatures T1 arxl TZ on both ends of a 
selected first channel 34p with the first and the second tenperature sensors 61 and 63 and checks for poisoning of 
electrocataiyst on the anode 32 teased on the temperature difference TS between T1 arxJ T2. The tenperature dfference 
on the surface of the arxDde is closely related to tiie poisoning of electrocataiyst This system accordingly determines 
the degree of poisoning of the electrocataiyst with high accuracy. 

50 When poisoning of electrocataiyst is observed, tiie fuel cell generator system 1 corrtrols on and off the first through 
the fourth solenoid valve 51 through 54 to change the flow direction of gaseous fuel running through the first channels 
34p arranged along the anode 32. The reversbn of flow direction changes the outiet of reactive gas having a higher 
' degree of poisoning to the inlet of reactive gas. This allows the places with higher degrees of poisoning to be exposed 
to the reactive gas with a relatively low concentration of carbon monoxide, so as to cancel the existing poisoning and 

55 prevent furttier poisoning. This system definitely cancels poisoning of electrocataiyst in tiie fu 1 ceil 10 witiiout delay. 

In actual structure of th first embodiment the first solenoid vaive 51 and th second solenoid valve 52 are disposed 
at tiie dosest possbl position to the first joint 44a. while th third solenoid valve 53 arxj the fourth solenoid valve 54 
are at th closest possible position to tti second joint 45a. The less amount of residuaJ gas between the first and th 
second joints 44a and 45a and the first through the fourth solenoid valves 51 tiirough 54 reduces the amount of residual 
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hp ^Tc^^ 1h ^ solenoid valves 51 through 54. another four solenoid valves may further" 

be added. As showt, ,n F5g. 6, a fifth solenoid valve 55 is disposed on the first brandi pip 41 at a dcS^ dSlTZ 
TJhJ. ^.^'IL^^'^-*^ °" *e b«nch pipe 41 at a position Ze to Se^ZV^VTl 

l^ Jin^T fU" °" P'P« ^2 at a position dose to the main p^pe ^an^aJ 

eighth ^'lenod valve 58 on the second branch pipe 42 at a position close to the combined p.pe 43 A s^^'tS fiS 

that of the th,rd so enori valve 53 and the seventh solenoid valve 57. and that of the fourth solenoid vaVe wTS S 
10 e.ghth solencd valve 58 are respectively controlled on and off simultaneously. TWs structure substaSX diSfaS 

chan^tSJ^dSSn^^^^ 

branch p,pe 41 and the second joint 45a of the second branch ^2. 44a of the first 

t«n,nl!!r.iirTr^^l"'* ^''^ '^^^ °* electrocatalyst is chected according to the first arxl the second electrode 
the re«*vjr electrocatalyst is checked v«th two electrometers tor detecting electric potentiate ST, 
at the Pos^on of the second temperature sensor 63. A difference between electric potentials El and Z d^S^Z 

^^Z n 1'^ "^responds to the difference in reactivity of electrocatalyst between^the JT^ltZ 

oSnfor^l"^!^"" embodiment, this modified structure determinesTe^lee rt 

poisoning of the electrocatalyst with high accuracy. ^ ^ ' 

inn ^ schematically Hiustiating a fuel cell generator system 200 as a second embodiment accort- 

JfJlS,"!? T'^'l'^' ^203 disposed on thefirstconnectingpipe44 and on the secSwSrJpS 

f ^ """I"?"^ '° ""^^""^ ^« CPU 72 of the eledronic contnrt unit 70 i^i f 

:niSe^^s:.rp:^ b^ ^ " ^ ^^^^^^^^ 

♦h« JSh!.'^ * t!"^'"^ ^ ^^"^ second embodiment. The CPU 72 of 

ttnrSml^ l""''°''^'*^'^"*"^"'*'^3aseousfuel control 

Sl CPU ^ J^'l, " "^""^^ I of the f uel ce.110 from the ammete^^5 at«S 

oijut oirrert I « step S220. The progiam tiien proceeds to step S230 at which it is determined whether the aase«^s 
c» Jf^ i"*!?,^"^ '"^ determined to be in the nomal direction at step S230. the program aoeTte step 

^ronle ' * Is detemnined to be In the revere diSn aTst" 

2«i T^' a'"^ <° '^^P 5250 at which tiie CPU 72 reads from the second flow sensor ZOzZ 

S?orS * '° '° lO'^- After the p^S 

f « ^Ifl?^ program goes to step S260 at which the actual supply of gaseous fuel MB read either at step S2S 
or at step S250 is compared wrth the required flow of gaseous fuel MA calculated at step S220 ' 
^JZZ ^ °* ^^■'^ detemtined to be less than the required flow MA of gaseous fuel at 

iZ^^ program goes to step S270 at which the flow of gaseous fuel fed to the fuel cell 10 is LSed The 
Z^^r^ 'ncreasing the sq^ply of gaseous fuel is executed by a known method of controlling the reformSVs tt^ e 

50 ^''^^ ^'e^e- ^ P"«ess at step £70 le 

50 program goes to RETURN to exit from the routine « »iop c<:/u. me 

«t J^^^^^ ^ detemUned to be not less than the required flow MA of gaseous fuel 

f:°" saseous fuel to the fuel cell 10 is sufficient and there is no possiblHty of erra 

m determiretwn of the degree of electrocatalyst poisoning. The program accordingly goes to step Si 1 0 in the flowchart 

.1 J^tt^ ^""^Z °' '^'^ errtxxfimerrt does not execute determlnatfeS of the d^^S 

elecjocatalyst posonmg based on th data of the first and the second terrperature sensore 61 and 63 rj,r Se aiw 
^r« rmeasur a^nstthe poisoning, when the actiial s^ly of gaseous fuel MB to the fuel cell 10 is in^ta^ S 
S^Si?n ^TfJT """^^'^^ electrocatalyst on the anode 32 depends up,^S,?dl^Se 

dpoisoning of the electrocatalyst whenasufficientiyamourtdgaseous fuel is fed to the surfaced*^ 
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insufficient supply of gaseous fuel due to abrupt loading worsens the reactivity of lectrocataiyst which is not poisoned 
significantly. When the supply of gaseous fuel islnsufficient, there is a possibiiity of error in determination of the degr e 
of electrocatalyst poisoning. The structur of the second embodiment does not determine the degree of electrocatalyst 
poisoning under the condition of insufficient supply of gaseous fuel, thereby enhancing accuracy of detemiination of the 
5 degree of poisoning and efftdentiy taking the appropriate countermeasure against the electrocatalyst poisoning. 

In the second embodiment, the actual supply of gaseous fuel MB to the fuel cell 10 is detected by selectively using 
the two flow sensors 201 and 203 respectively disposed on the first connectirig pipe 44 and the secorxi connecting pipe 
45 on either side of the first channels 34p. According to an aitemative structure, the actual supply of gaseous fuel MB 
to the fuel cell is detected with a ikw sensor disposed immediately after the reformer 1 6 on the main pipe 40. In another 
10 structure with a mass flow controller disposed on the main pipe 40 for the purpose of flow control, the actual supply of 
gaseous fuel MB is determined according to a control signal to the mass flow controller. In still another structure, an 
- evolution of hydrogen or the actual supply of gaseous fuel MB is determined according to the supplies of methanol and 
' water to the reformer 16 and the temperature of reforming electrocatalyst charged into the reformer 16. 

The structure of the .second embodiment does not detemrtine the degree of electrocatalyst poisoning, when the 
IS actual supply of gaseous fuel MB to the fuel cell 10 is less than the required flow MA. A mocfifled structure calculates a 
deviation AM of the actual supply of gaseous fuel MB from the required flow MA and varies the predetermined level TA, 
used at steps S130 and S150 (see Fig. 5) as the criterion for electrocatalyst poisoning, according to the deviation AM. 
This modified structure further enhances the accuracy in determination of the degree of electrocataiyst poisoning. 
Rg. 9 Is a block diagram schematically illustrating a fuel cell generator system 300 as a third embodiment according 
20 to the invention. The fuel cell generator system 300 has a similar stmcture to that of the first embodiment, except that 
a reformer unrt 301 . a shift reaction unit 302, and a partial oxidiang unit 303 constituting the reformer 1 6 are electrically 
connected with the electronic control unit 70. The CPU 72 of the electronic control unit 70 controls the reformer unit 301 , 
the shift reaction unit 302, and the partial oxidizing unit 303 to vary the quality of hydrogen-rich gas fed as the gaseous 
fuel. 

25 Fig. 1 0 is a flowchart showing a gaseous fuel control routine executed by the CPU 72 of the electronic control unit 
70 in the third embodimerrt The gaseous fuel control routine is repeatedly executed at predetermined time intervals. 
When the program enters the routine, the CPU 72 reads a first electrode temperature T1 and a second electrode tem- 
perature T2 from the first temperature sensor 61 and the second temperature sensor 63, and calculates a temperature 
difference TS between Tl arxi T2 at steps S3 10 and S320, in the same manner as steps S1 10 and S120 of the first 

30 embodiment 

The program then goes to step 3322 at which it is determined whether the absolute value of the temperature dif- 
ference TS calculated at step S320 is less than a predetermined first value TA arxl greater than a predetermined second 
value T6 (>0}. The predetermined first value TA is identical with the predetermined level TA used at step S130 iri the 
first embodiment arxi used as the criterion for electrocatatyst poisoning. The predetermined second value TB is smaller 

35 than the predetermined first value TA and used as a aitenon for an indication of electrocatalyst poisoning, that is, a pre- 
stage of electrocatalyst poisoning or light electrocatalyst poisoning. In this errbodimerrt. the predetermined first value 
TA is 3 trough 5 *C like the first embodiment, and the predetermined second value TB is 2 through 3 "C. 

When the answer is YES at step 8322, the program proceeds to the step S324 at which the CPU 72 sends a control 
. signal to the partial oxidizing unit 303 of the reformer 16 to inaease the air flow fed into the partial oxidizing unit 303. 

40 The partial oxdising unit 303 is operated at terrperatures of 1 00 through 200 *C. and the increase in air flow fed to the 
reforming gas accelerates the reaction of oxidizing cartxsn monoxide included in the reforming gas to cartxsn dioxida 

The absolute value of the temperature difference TS greaterthan TB and less than TA represents a start of poisoning 
of electrocatalyst on the anode 32 of the fuel ceil 10. An increase in air flow fed to the partial oxidizing unit 303 of the 
reformer 16 accelerates tiie reaction of oxidizing cartxDn monoxide induded in the r^rming gas to carbon dioxide. 

45 thereby lowering the concentration of carbon monoxide included in the refonming gas supplied from the partial oxidizing 
unit 303. The reforming gas with a relatively low concentration of cartx>n monoxide fed as the gaseous fuel to the fuel 
cell effectively cancels an indication of electrocatalyst poisoning. 

When the answer is NO at step S322, that is, when the absolute value of the temperature difference TS is not greater 
than TB or not less than TA, the program proceeds to step S330. The process executed at steps S330 through S370 is 

50 substantially equivalent to ttiat executed at steps S130 through S170 in the first embodiment When the temperature 
difference TS is determined to be greater than the predetermined first value TA at step S330, the program goes to step 
S340 at which the flow of gaseous fuel in the fuel cell 1 0 is changed to the reverse direction as shown in Rg. 4(b). When 
the tenperature difference TS is determined to be smaller than an additive inverse or negative of the predetenmined 
first value TA at step S350. on the other harxJ. the program goes to step S360 at which the flow of gaseous fuel in the 

55 fuel cell 10 is changed to the normal direction as shown in Fig. 4(a). After ttie process at step S340 or S360. the further 
processing is delayed by a predetermined time at step 8370. When the answer is negative at all steps 8322, S330, and 
8350, that is, when th temperatur difference TS is between -TB arxi TB, the program assum s the condition of no 
electrocatalyst poisoning and directiy goes to RETURN to exit from the routine. 
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S370forth delay pnjcess to complete the inprwen^m and Ihen to RETURNtoexrt 

of Iherefomier 16 underthe condition of small degree of electrocatalyst poisoning on the anodeS Mh^T , 
TnS^on^Lf °* T"^""' ^^^"^^^ «^ *"=«--f«-^"e 9^^^^^ 

poisoning When the degree of electrocataiyst poisoning is relatively large, the reversion of flo-TdirecfionS^^!^ 

SLTI'IS!^' ^r^'^ P^^'^-S. *e e-bcdi^nl T>,e structured Si sS^ eJ^S^m 
thus effecn^ly and efhaently cancels the poisoning of eleclrocatalyst according to its degree «"b«l'nient 

An ,ncrease,na>rflowfedirtotherefom»ngoasinthepartialQxidlzingunit 303 accelerates m^^^^^ 



2CO + 02-*2C02 
2H2 + 02^2H2p 



SSF--™^'^— ^^^^^ 

system4Ji?safeS.Sir "Sf "^'^^ '"^"^ ' '° ^"^ P^'^P^*^' « ^e' "11 generator 

lir^^i , ««*P»afi'Stpurgepipe401 further conneding with the fir^joirt 44a of S^SSSiS 

a^seLnd^? P^e P-PejWS further connecting with the second joint 4^ of the second b,^ S i 

and second additional solenoid valves 455 and 456 disposed on thefirst purge pipeiJOl arti the second o^rofnS^i^? 

cond^tTrn'''''''°;"'^"^'''^'=°^^^ 

S^^o^rha^T«,'t ""Z^ "^ar"^ 0^ an inert gas Rke argon. The 7ecSc^So 
oS^TS.,^ ^ * same structure as that of the fiist ennbodimenf fills the fuel celMO with purge «sJnst^ 
gaseous fuel, by opening the first and the second additional solenoid valves 455 and 4Ss at»« rLin^^r!^^^ 

Fig. 12 isaflowchartshowmgagaseousfuel control routine executed Inthefourth ei7*odimenl. This routine ind,ri« 
t^l CpS :^ ? ? the electronic «ntrol unit 70 at predelemiined time imervals. When the program enteJtS^J^ 

0^^2?TnT'^''^*"'' ^ ^' ^^"^^ * tenperature difference TS between Tl and T^a' 
stef»S410andS420.inthesamemaraierasstepsSl10andS120ofthefirstembcdiment 
at s*lrl*^'l?^ "[^^ to step S422 at which the absolute value of the teoperature difference TS calculated 
Stt^n^ . "T^? ' P^*^^*^^'^ ^'^ TC (>0). The predeteied thini vsJuTtcS SS^I 

et^c^fLm .'T'^^ ^ ™^ « to continue gen^Trf 

elecfrTcrty from the fuel cell 10. In ths embcdirtiert. the predetemiined third value TO is 5 through 10 -C 

of el^^to a!^ fnS^.^r 9oes to step S424 at whi* the CPU 72 s^tehes a supply 

«.™^^„?H ^? '° to a secorxlary cell like an lead-acid accumulator (not JS,) 

53 and 54 on the second branch ppe 42. This purging process allows the fuel celllO to be filled with fte jj.^^ 
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instead of the gaseous fuel. This stops actions of the fuel cell 10 and sufastrtutes hydrogen gas remaining in the fuel cell 
10 by inert gas to keep the fuel cell 10 safely. The program then goes to STOP to exit from the routina 

. When the answer is negative at step S422, that is, when the absolute value of the temperature difference TS is not 
greater than TC, th program proceeds to step $430. The process executed at steps S430 through S470 is substantially 

5 equivalent to that executed at steps Si 30 through Si 70 in the first embodiment When the temp rature difference TS 
is determined to be greater than the predetermined first value TA at step 8430, the program goes to step S440 at which 
the flow of gaseous fuel in the fuel cell 1 0 is changed to the reverse direction as shown in Rg. 4(b). When the temperature 
difference TS is determined to be smaller than an additive inverse or negative of thie predetermined first value TA at step 
S450, on the other hand, the program goes to step S460 at which the flow of gaseous fuel in the fuel cell 10 is changed 

10 to the normal direction as shown in Fig. 4{a). After the process at step S440 or S460, the further processing is delayed 
by a predetermined time at step S470. The program then goes to RETURN to exit from the routine. 

When the temperature difference TS on the surtace of the anode 32 continues increasing to exceed the predeter- 
mined third value TC even after the flow of gaseous fuel in the fuel cell 1 0 is changed to the reverse direction, the fuel 
cell generator system 400 of the fourth embodiment determines that the electrocataiyst on the anode 32 is significantly 

IS poisoned and that further generation of electricity from the fuel cell is difficult and replaces the gaseous fuel in the fuel 
cell 10 with purge gas to safely stop actions of the fuel cell 10. This structure urgently inactivates the fuel cell 10 with 
significant electrocataiyst poisoning and effectively protects the fuel celllO as well as the load connecting with a periph- 
eral element or the fuel cell 10. 

Fig. 13 is a block diagram schematically illustrating a structure of a fuel cell generator system 500 as a fifth emfaod- 

20 iment acconjing to the invention. The fuel cell generator system 500 includes a qaseous fuel system A having an identical 
structure with that of the first embodiment and an o»dizing gas system B having a structure similar to the gaseous fuel 
system A. The gaseous fuel system A of the fuel cell generator system 500 includes the fuel cell 10, the refonner 16, 
the gaseous fuel supply conduit 18. and the gas discharge conduit 20 like the first embodiment whereas the oxidizing 
gas system B includes a reservoir 516 for storing an oxidizing gas (air in the embodiment), an oxidizing gas supply 

25 conduit 51 8 for feeding the oxidizing gas from the resenrtsir 516 to the secorxi channels 35p (also shown in Figs. 2 and 
3} on the cathode's side in the fuel ceil 1 0, and a residual gas discharge conduit 520 for discharging residual oxidizing 
gas fed into the second channels 35p. ' 

The oxidizing gas supply corxjuit 518 and the residual gas discharge conduit 520 have two branch pipes 541 and 
542, like the gaseous fuel supply conduit 1 8 and the gas discharge conduit 20. Fifth through eighth solenoid valves 551 

30 through 554 are disposed on the branch pipes 541 and 542. An electronic control unit 570 of a control system 522 
controls on and off these fifth through eighth solenoid valves 551 through 554 to switch the direction of flow of oxidizing 
gas running through the second channels 35p on the cathode's side in the fuel cell 10. Since the second channels 35p 
for oxidizing gas are ananged in parallel with the first channels 34p for gaseous fuel as shown by the twD<lot chain line 
in Rg. 1 3 (also seen in Figs. 2 and 3 of the first embodiment), the flow of oxidizing gas becomes parallel to the flow of 

35 gaseous fuel. 

The electronic control unit 570 of the control system 522 controls on and off the fifth through the eighth solenoid 
valves 551 through 554 in the oxidising gas system B. synchronously with the control of the first through the fourth 
solenoid valves 51 through 54 in the gaseous fuel system A. This results in changing the direction of flow of oxidizing 
gas synchronously with the switching of the flow direction of gaseous fuel to maJ^ the i\ow direction of oxidizing gas 

40 identical with that of gaseous fuel. At step Si 40 in the gaseous fuel control routine of the first embodiment shown in the 
f lowchart of Ftg. 5, ttie electronic control unit 570 doses the fifth and the eighth solenoid valves 551 and 554 as well as 
the first and the fourth solenoid valves 51 and 54 while opening the sixth arvj the seventh solenoid valves 552 and 553 
as well as the second and the third solenoid vaives 52 and S3. At step Si 60. the electronic control unit 570 opens the 
fifth and the eighth solenoid vaives 551 and 554 as well as the first and the fourth solenoid vaives 51 and 54 while closing 

45 the sixth and the seventh solenoid vaWes 552 and 553 as well as the second and the third solenoid vaives 52 and 53. 
. When the electronic control unit 570 detects the existing poisoning of electrocataiyst on the anode 32. the fuel cell 
generator system 500 of the fifth embodiment changes the direction of flow of gaseous fuel through the first channels 
34p on the anode's side, so as to allow a place with some electrocataiyst pcisor^ng to be exposed to the gaseous fuel 
with a relatively low concentration of cartwn monoxide. The structureof the fifth embodimerTt further changes the direction 

so of flow of oxidizing gas synchronously with the change of the flow direction of gaseous fuel to make the flow direction 
of oxidizing gas identical with that oigaseous fuel, thereby exposing a place with an indication of electrocataiyst poisonin 
to the oxidizing gas with a relatively.high concentration of oxygen. This structure further accelerates the reaction of anti- 
CO poisoning with the oxidizing gas containing a relatively high concentration of oxygen and thereby cancels the elec- 
trocataiyst poisoning more quicWy and effectively. Namely the structure of the fifth embodiment effectively cancels the 

55 electrocataiyst poisoning in tiie fuel cell 10 without delay. 

Rg. 14 is a block diagram schematically illustrating a structure of a fuel cell g nerator system 600 as a sixth enixxJ- 
iment according to th invention. The fuel cell generator system 600 includes a gaseous fuel system A having an identical 
structure with that of the first embedment and a cooling water system C. The cooling water system C includes a plurality 
of cooling water channels 601 disposed tn the fuel celt 10. and a circulation conduit 603 for allowing the cooling water 
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to be circulated in the cooling water channels 601. The plurality of cooling water channels 601 are formed on ach 
cooling plate 610 disposed for every predetermined number of cell elements included in the fuei cell 10 and arranged 
in farallel to the first channels 34p for gaseousfuel. Thefirst separators 34 conslrti^^ 

fuel and the coding plates 61 0 are laid one upon another to be positioned-on the same perpendicular lines as shown 
bylh two-dot chain tin in Fig. 14. 

The circulation conduit 603 is provided with a cooling water pump 646, a radiator 647. and a throttle valve 649 The 
arculated volume and the temperature of cooling water are corTtrolled by regulating the discharge volume of the coolina 
water pump 646 and the rotating speed of a radiator fan 648 facing to the radiator 647. The drculation conduit 603 

branches off toafirst branch line 641 andasecond branch line 642 in the vicinity of the cooling plateeiOand eventually 
connects with both ends of each cooling water channel 601 on the cooling plate 610 via afiret connecting line 644 and 
a second connecting Une 645 respectively extending from the first branch line 641 and the second branch line 642 Fifth 
through eighth solenoid vafves 651 through 654 are disposed on the first and the second branch lines 641 axJ 642 An 
electronic control unit 670 of a control system 622 controls on and off these fifth through eighth solenoid valves 651 
through 654 to switch the direction of flow of coofing wafer ninning through the cooling water channels 601 Since the 

cooling water channels 601 arearrangedinparallelwiththefirBtchannels34pfbrgaseousfuel.theflowof coolingwater 
becomes parallel to the flow of gaseous fuel. 

The elwlronic control unit 670 of ttie control system 622 controls on and off the fifth through the eighth solenoid 
vaVes 651 through 654 in the cooling water system C. synchronously with the control of the first through the fourth 
solenoid valves 51 through 54 in the gaseous fuel system A. This results in changing the direction of flow of cooling 
water synchronously with the switching of the flow direction of gaseous fuel to maka the flow direction of cooling water 
reveree to *at of gaseous fuel. At step S140 in the gaseous fuel control routine of the first entjodimenf shown in the 
flowchart of Rg. 5. the electronic control unit 670 opens the fifth and the eighth solenoid valves 651 and 654 as well as 
the second and the third solenoid valves 52 and 53 while closing the sixth and the seventh sdenod valves 652 and 653 
aswell as the first and the fourth solenoid valves 51 and 54. At step S160. the electronic control mil 670 closes the fifth 
and the eighth solenoid valves 651 and 654 as wen as the second and the third solenoid valves 52 and S3 while opening 
the sixth and the seventh solenoid valves 652 and 653, as well as the first and the fourth solenoid valves 51 and 54 

When the electronic control unit 670 determines the existing poisoning of electrocatalyst on the anode 32 the fuel 

cengeneratorsystem 600 of thesixthembodimemchangesthedirectionofflow of gaseous fuel through thefirsti^ 
34p on the anode's side, so as to allow a place with some electrocatalyst poisoning to be exposed to the gaseous fuel 
with a relativBly low concentration of caitoon monoxida The structure of the sixth entxxliment further changes the direc- 
tion of flow of cooling water synchronously with the change of the flow direction of gaseous fuel to make the flow direction 
of cooling water reverse to that of gaseous fuel. This makes cooling water flow from a place with less ^ectrocatalyst 
poisoning to that with greater electrocatalyst poisoning, thereby exposing the place with greater electrocatalyst poisoning 
to cooling water flown out of the cooling water channels 601 . Cooling water has lower tenperatures at positions closer 
to the inlet of the cooGng water channels 601 . The temperature of cooTing water inaeases by means of heat generated 
through the electrode reactions in the fuel cell 10. and reaches the maximum at the outlet of the cooling water channels 
601 . This means that cooling water has highertemperatures at positions closer to the ouUet of the cooUng water channels 
601. The place having greater electrocatalyst poisoning and exposed to cooling water flown out of the cooling water 
channels 601 accorefingly has a relatively high temperature. The inaease in temperature increases the concentration 
of carbon monoxide allowable for the fuel cell 10. thereby canceling the electrocatalyst poisoning more effidently and 
quickly. 

Fig. IS is a block dagram schematically illustrating a structure of a fuel cell generator system 700 as a seventh 
embodiment according to the invention. The fuel cell generator system 700 has a similar stmcture to that of the sixth 
embodiment, except two additional tenperature sensors 701 and 703. The third and the fourth temperature sensors 
701 and 703 are disposed respectively at the first connecting line 644 and the second connecting One 645 connecting 
with the coofcng plate 610 for measuring temperatures of coofing water at the inlet and the outlet of the cooling water 
channels 601. The additional temperature sensors 701 and 703 are electrically connected to an electronic control unit 
770 of a control system 722. The electronic control unH 770 receives output signals from the IWitl and the tourth tern- 
peralure sensors 701 and 703 as weU as those from the first and the second tenperature sensors 61 and 63 and 
changes the flow direction of cooling water in the same manner as the sixth embodiment and controls the terrperature 
and flow of cooling water, based on the received signals. 

Figs. 1 6 and 1 7 are flowcharts showing a control routine executed by the electronic control unit 770 in the seventh 
embodiment. The control routine is executed repeatedly by a CPU 772 of the electronic control unit 770 at predetenniried 
time intervals. When the program enters the routine, the CPU 772 executes steps S710 through S760 in the flowchart 
of Rg. 16. which are equivalent to steps Si 10 through S160 of the gaseous fuel control routine in th first entxxiiment 
After the process at step S740. the CPU 772 op ns th fifth and the eighth solenoid valves 651 and 654 and closes the 
sixth and the seventh solenoid valves 652 and 653 at step S745. After the process at step S760. the CPU 772 doses 
the fifth and the eighth solenoid valves 651 and 654 and opens the sixth and the seventh solenoid valves 652 and 653 
at step S765. The process executed at steps S710 through S765 corresponds to that of the sixth entediment 
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The program then proceeds to step S770 shown in the flowchart of Rg. 17, at which the CPU 772 reads a third 
tennperature T3.of cooling water ftown into the cooling water channels 601 arxJ a fourth temperature T4 of cooling water 
flown out of the cooling water channels 601 . from the third temperature sensor 701 and the fourth temperatur sensor 
703. At step S780, th CPU 772 subtracts the fourth temperature T4 of cooling water from the third temperature T3 of 

5 cooling water and det rmines the absolute value of the difference as a temp rature difference TSW. The CPU 772 then 
compares the temperature difference TSW with a predetermined value TE {>0) at step S790. 

When the answer is negative at step S790, that is. when the tempernture difference TSW is not greater than the 
predetermined value TE, the program goes to step S792 at which the CPU 772 increases the rotating speed of the 
radiator fan 648 to increase dissipation of heat in the radiator 647, thereby lowering the temperature of cooling water 

10 flowing through the circulation conduit 603 by a predetermined value. The program then proceeds to step S794 at which 
the discharge volume of the cooling water pump 646 is reduced to deaease the quantity of circulation by a predeterntined- 
volume. The reduced temperature of cooling water at step 3792 has a certain relationship to the reduced volume of 
circulation at step S794. so as to prevent the quantity of heat to be cooled from being varied. A simple decrease in 
tenperature of the coolant may cause supercooling of the fuel cell 10, and it is thus required to regulate the flow of the 

75 coolant as well. The quantity of heat to be cooled is kept constant by reducing the flow of cooling water with a deaease 
in temperature of cooling water. This process inaeases the temperature difference between the inlet and the outlet of 
cooling water to the predetermined value TE while keeping the quantity of heat to be cooled constant 

When the answer is affirmative at step S790, that is, when the temperature difference TSW is greater than the 
predetermined value TE, on the contrary, the program goes to step S796 at which the further process is delayed by a 

20 predeterrrrined time. After the process at step S794 or 8796, the program goes to RETURN to exit from the routine. 

When the electronic corrtrol unit 770 determines the existing poisoning of electrocatatyst on the anode 32, the fuel 
cell generator system 700 of the seventh embodiment changes the drection of flow of gaseous fuel so as to allow a 
place with some electrocatalyst poisoning to be exposed to the gaseous fuel with a relatively low concentration of carixn 
monoxide. The stiucture of the seventh embodiment further changes the directiorrof flow of cooling water synchronously 

2$ witii the change of the flow direction of gaseous fuel to make the flow direction of cooling water reverse to that of gaseous 
fuel, ther^sy exposing a place with greater electrocatalyst poisoning to cooling water of a relatively high temperature 
flown out of the cooling water channels 601 . 

The fuel cell generator system 700 increases the temperature difference between cooling water flown into and flown 
out of the cooling water channels 601 to the predetermined value TE while keeping the quantity of heat to be cooled 

30 constant This allows a place witii greater electrocatalyst poisoning to be exposed to cooling water of a relatively high 
temperature and a place with less electrocatalyst poisoning to be eo^iosed to cooling water of a relatively low temperature. 
This effectively eliminates the tenperature unbalance on the electrode surface and more quickly and eff identiy returns 
the electrode with electrocatalyst poisoning to a normal state. The cooling plate 610 works to keep the quantity of heat 
to be cooled constant. This minimizes the variation in output witii respect to tiie loading and allows the fuel cell 10 to 

35 stably work at a constant temperatura 

When the existing electrocatalyst poisoning is detected,' the structure of the sixth embodimerrt orthe severttti embod- 
iment changes the flow direction oigaseous fuel and switches tiie flow direction of cooling water to make cooling water 
flow from a place witii less electrocatal yst poisoning to tiiat with greater eiedrocataiyst poisoning. An alternative stioicture 
switches only the flow direction of gaseous fuel. This does not completely cancel the electrocatalyst poisoning, but 

^ prevents further poisoning by increasing the concentration of cartoon nx^noxide alienable for the fuel cell 10. 

The sixtti embodiment and tiie seventh embodirnent use water as a coolant of the fuel cell 10. Otiier possible exam- 
ples for the coolant include organic lk^uids,^ch as ethylene glycol and silicone oil, and gases, such as the air and an 
inert gas. 

An eighth -embodiment of the invention is described briefly. While the embodiments described above change the 
45 flow direction of gaseous fuel based on tiie detection of existing electrocatalyst poisoning, tiie structure of tiie eighth 
embodiment switches the power source for supplying electricity to a load from the polymer electrolyte fuel cell 10 to a 
secondary cell (not shown) connected with tiie fuel cell 10 elecb'icaliy in parallel, synchronously witii tiie switch of the 
flow of gaseous fuel. 

The switch of the power source for supplying electricity to the load is carried out in the following manner. In the 
so structure where the secondary cell and the fuel cell 10 are connected in parallel with each other to allow a supply of 
elecb-idty to the load from txjtii the secondary cell and the fuel cell 10. the fuel cell 10 is disconnected from the load, 
which cuts the load current through the fuel cell 10. The ftow direction of gaseous fuel fed to the fuel cell 10 is then 
changed through on-off control of the first tiirough the fourth solenoid valves 51 through 54. There is a certain time lag 
between the on-off operations of tiie solenoid valves 51 tiirough 54 and actual reversion of the flow direction to give a 
55 stable flow of gaseous fuel. The tim lag depends upon tiie lengtii of piping, th diameter of pipes, positions of the on- 
off valves, and the flow rate and pressure of gas in each fuel cell 1 0. It is accordngly desirable to measure and determin 
an optimum time, aft r which the flew of gaseous fuel becomes stable, for each fuel ceil 1 0. After the optimum time lias 
elapsed, th fuel cell 1 0 is reconnected to the load, wtiich allows a supply of electricity from txsth the secondary celt and 
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the tuel ceil 1 0. The secondary cell is then disconnected from th load, so that electricity is supplied only from the fuel 
cell 10 to the load. 

This structure reduces the load current of the fuel cell 1 0 and controls a temporary drop of output voltage-accom- 
panied with the switching of the f bw direction of gaseous fuel. 

A ninth embodiment of the invention is described briefly. The ninth embodiment is a modification of the third ent>od- 
iment described previously While th thinj embodiment increases the flow of air into the partial oxidizing unit 303 of the 
refonner 1 6 under the condition of little electrocatalyst poisoning (step S324 in the flowchart of Fig. 10). the structure of 
the ninth embodiment increases th gas pressure in the gaseous fuel system under the condition of littie electrocatalyst 
poisoning. The increase in gas pressure is implemented by controlling a pressure regulating valve disposed generally 
after the outlet of gaseous f ueJ in the fuel cell 1 0. 

This structure temporarily raises the gas pressure over the ideal level to enhance the anti-CO poisoning ability of 
electrocatalyst with a temporary drop in efficiency of the fuel cell 10. This effectively cancels a small degree of electro- 
catalyst poisoning and inhibits further poisoning. like the third embodiment. 

There may be many other modifications, alterations, and changes without departing from the scope or spirit of 
essential characteristics of the invention, is thus dearly understood that the above en*odiments are only illustrative 
and not restrictive in any sense. Some examples of modification are given below. 

An alloy electrocatalyst may be used in place of platinum, which is used as the electrocatalyst of the anode 32 in 
the above embodiments. The alloy electrocatalyst includes a first component of platinum and one or a plurality of second 
conponents selected among the group indudng ruthenium, nickel, cobalt, vanadium, palladium, and indium. The alloy 
electrocataJyst exerts the same effects as platinum in the above embodiments. 

In the above embodiments, the structure of inputting a difference between temperatures measured by tiie first and 
the second temperature sensors 61 and 63 disposed on the electrode surface works as the reactivity difference detecting 
means. An afternative structure has three ormore temperature sensors to detect temperatures on both ends of a selected 
first channel 34p for gaseous fuel and at another or other specific site(s). Electrocatalyst poisoning tends to occur at a 
specific site (for example, the site where gas stagnates) according to tiie shape of the first channels 34p for gaseous 
fuel. This aftemative sti-ucture measures the temperature of such a specific site as well as the ends of tiie first channel 
34p in the fuel cell 10. thereby more accurately detecting tiie poisoning of electrocatalyst by carbon monoxide. • 

In tiie above embodiments, gaseous fuel, oxidizing gas, or cooling water is distributed to the respective cell elements 
included in a fuel ceil via a manifold or distributor. On ttie assumption tiiat ttie cell elements in a fuel cell have substantially 
identical properties and the manifold uniformly distrfoutes the gas or cooling water, poisoning of platinum electrocatalyst 
by cait)on monoxide simultaneously occurs and is canceled in ail tiie cell elements of tiie fuel cell. In the actual system, 
however, a heterogeneous flow of gas in the manifold causes electrocatalyst poisoning to occur at a specific cell element 
in the fuel cell. It is accordingly desirable to set the two temperature sensors 61 and 63 at such a cell element having a 
higher prot>ability of electi-ocatalyst poisoning. This minimizes tiie number (two) of tiiemiocouples required in a fuel cell 
stack including a large number of fuel cell elements, thus easily controlling the fuel cell generator system and redudng 
the cost for manufacturing the fuel cell generator system. 

The structure of inputting a difference between temperatures measured by the first and tiie second temperature 
sensors 61 and 63 disposed on the electi'ode surfaceis applied for the reactivity difference detecting means in the above 
embodiments. Some operating conditions of the fuel cell 1 0 lead to tiie local wetting or drying on ttie electrolyte men> 
brane/electrode structure of each cell element thereby interfering witin tiie electrochemical reactions at tiie gas outiet 
on the anode's side or the catiiode's side and lowering the temperature of the site. This may result in an inaccurate 
detection of temperature. The fuel cell generally has a structure of continuously monitoring the impedance (ceil resist- 
ance) of tiie fuel cell and regulating the amount of water vapor or moisture in tiie gaseous fuel or oxidizing gas based 
on the monitoring to keep the electrolyte membrane/electrode strudure .n tiie optimum wetting condition. Any structure 
of tie above embodiments is preferably applied to such a fuel cell 10 having a function of controlling tiie inpedance. 

When ttie sti-ucture of the above embodiments is applied to a fuel cell 10 having no function of cortrolling tiie 
impedance, an impedance meter for measurement of tiie impedance is set in ttie fuel cell generator system. According 
to a preferable structure, it is determined whettier the difference in temperature between tiie two temperature sensors 
61 and 63 disposed on tiie electi-ode surface is attrflxrtable totiie local wetting or drying on tiie electi'olyte mentrane/elec- 
trode stmcture or to poisoning of platinum electrocatalyst by carbon monoxide included in tiie gaseous fuel. 
The scope and spirit of the present invention are fimited only by the terms of tiie appended claims. 
The invention definitely detects and cancels poisoning of a electnacatalyst in a fuel cell witiiout delay. A fiist tem- 
perature sensor (61) and a second temperature sensor (63) are disposed respectively at an inlet and an outiet of first 
channels (34p) for gaseous fuel in a fuel ceil (10)." An electronic control unit (70) receives detection signals from tiie 
temperature sensors (61,63) and estimates a degree of poisoning of electrocatalyst on an anode (32) based on the 
detection signals. When detemiining ttiat tiie electiocataJyst is poisoned, th electronic control unit (70) controls on and 
off first through fourth solenoid vaives^Sl -54) to chang ttie flow direction of ttie gaseous fuel tiirough tiie first channels 
(34p). This allows a place witti electi*ocatalyst poisoning to be exposed to the gaseous fuel having a relatively low con- 
centration of carijon monoxide. 
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Claims 

A fuel cell generator for generating an electromotive force through an electrochemical reaction of a reactive gas, 
said fuel cell generator comprising: 

a first electrode having a surface with a electrocataiyst applied thereon^ said reactive gas being fed to a 
surface of said first electrode to cause said electrochemical reaction; 

a flow path having an inlet and an outlet for supplying said reactive gas to said surface of said first electrode; 
' reactivity difference detecting means for detecting a difference in reactivity of said electrocatalyst between 
said inlet and said outlet of said flow path: 

estimation means for estimating a degree of poisoning of said electrocatalyst based on the difference detected 
by sakj reactivity difference detecting means; and 

poisoning cancellation means for canceling the poisoning according to the degree of poisoning of said elec- 
trocatalyst determined by said estimation means. 

A fuel cell generator in accordance with daim 1, further conrprising: 

gas utilization calculating means for calculating a degree of utilization of said reactive gas on said first elec- 
trode; and 

wherein said estimation means comprises: 

prohibition means for prohibiting said estimation of the degree of poisoning when tie degree of utilization of 
said reactive gas represents insufficiency of said reactive gas. 

A fuel cell generator in accordance with daim 2« wherein said gas utilization calculating means comprises: 

required flow calculation means for calculating a required flow of said reactive gas to said first electrode: 
actual supply calculation means for calculating an actual supply of said reactive gas to said first electrode: 

and 

difference calculation means for calculating a difference between said required flow and said actual supply. 

4. A fuel cell generator in accordance witii daim 1. wherein said reactivity dfference detecting means comprises: 

temperature difference detecting means for detecting a difference in temperature between said inlet and said 
. 30 outiet of said flow path. 

5. A fuel cell generator in accordance with claim 1 , wherein said reactivity difference detecting means further com- 
prises: 

electrical output difference detecting means for detecting a difference in electrical output of said first electrode 
35 between said inlet and said outlet of said flow path. 

6. A fuel cell gerierator in accordance witii daim 1 , wherein said poisoning cancellation means comprises: 
gas flow control means for controHing a flow direction of said reactive gas to thereby reduce said poisoning. 

A fuel cell generator in accordance with daim 6, wherein said poisoning cancellation means further comprises: 

a second electrode having a suriiace with a electrocatalyst applied tiiereon. an oxidizing gas being fed to a 
surface of said second electrode: 

oxidizing gas flow control means fbraxitrolling a flow direction of said oxidizing gas, to make tiie flow direction 
of said oxidizing gas identicaJ with the flow direction of said reactive gas. 

A fuel cell generator in accordance wrtii daim 6. further comprising: 

a coolant conduit running sut)stantially parallel to the surface of said first electrode for passing a coolant 
parallel to tine flow direction of ^^d reactive gas; and 

. wherein said poisoning cancellation means further comprises: 
coolant flow control means for controlling a flow direction of the cooiarTt through the coolant conduit to thereby 
reduce said poisoning. 

9. A fuel ceil generator in accordance witii daim 8. further comprising: 

temperature control means for varying temperature of the coolant fed to said coolant conduitrand 
flow control means for varying a flow of the coolant fed to said coolant conduit, 
wherein said poisoning cancellation means further comprises: 

cooling heat quantity conf ol meansfor activating said tenperature control means and said flow control means 
to lower the temperature and th flow of said coolant, so as to maintain a quantity of heat adsoitiable by said coolant 
constant 
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1 0. A fuel cell generator in accordance with daim l , f urttier conprising: 

reformer means for reforming a Yuel to generate said reactive gas: and 
wlierein said poisoning cancellation means comprises: 

five 98^°"^"^ '^"^ ^' ^'""^'^ ^ concentration of carlxjn monoxide included In said reac- 

11. A fuel cell generator in accordance witti daim 10. wt,erein said poisoning cancellation means furtJier comprises- 

electroSf 11^ °* ^ ^ ofsaid finrt 

,un™ '^® activating means for selectively activating one of said gas f tow reversion means and said reformino 
suppression means according to the degree of poisoning of eleclrocatalyst estimated by said estima^n 

12. A fuel cell generator in accordance with daim 1 . wherein said poisoning cancellatfon means conprises- 

first eSe.'"^'^ 'nc^easing means for temporarily increasing a -supply pressure of said reactive gas to said 

13. A fuel "II generator in accordance with daim 12. wherein said poisoning cancellation means further comprises- 
alectroSf ilS' "^^"^ ^ "^"^ °' 

nr««,.» ^'^"^ ^^""^y ««*«f"fl one Of said gas flow reversion means and said supply 

pressure mcreasing means according to the degree of po-soning of electrocatalyst estimated 1^ Said^S 

14. A fuel cell generator in accordance with daim 1 . wherein said poisoning cancellation means conprises- 

to stop generation of the eJectiomotive force. ~~ uaieieOToae 

15. A fuel cell generator in accordance witt, daim 14. wherein said poisoning cancellation means further comprises- 
electroSfilS' *'"e>'«^"a *e flow direction of said reactive gas along the suriace ofL'd firet 

^.r^J^lT^ activating meansfor selectively activating oneof said gas flow reversion meansand said stop means 
according to the degree of poisoning of electrocatalyst estimated tjy said estimation means. 

gas, said method compnsing the steps of: 

fS ♦o'^f '"I^ ^ ^ electrocatalyst applied thereon, said reactive gas being 

fed to a surface of sad fret electrode to cause said electiodnemical reaction- 

SlSS'r^ ^ ^ an inlet and an outiet for supplying said reactive gas to said suriace of said f^st 

S ^ deference in readivity of said electrocatalyst between said inlet and said outlet of said flow path- 

W estimatingadegree of poisoning of said electrocatalyst based on the difference detected in said step (c)- and 

(e) cancelingthepoisoningaccordingtothedegreeefpoisoningofsaidelectrocata^ 

17. A method in accordance with daim 16. further comprising the step of: 

(f) calculating a degree of utifization of said reactive gas on said first electrtxJe; and 
wherein said step (d) comprises the step of: 

ftllf estirnation of the degree of poisoning when ttie degree of utilization of said reactive gas 
, represents insufficiency of said reactive gas. 

18. A method in accordance with daim 16. wherein said step (c) comprises the step of: 

(c-1) detecting a drffarence in temperature between said inlet and said outiet of said flow path. 

19. A method in accordance with daim 16. wherein said step (e) comprises tiie step of: 
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(e-1 ) controlling a tlow direction of said reactive gas to thereby reduce said poisoning. 
20. A method in accordance with claim 19, further comprising the step of: 

5 (g) providing a second electrode having a surface with a electrocatalyst applied thereon, an oxidizing gas being 

fed to a surface of said second electrode; and 

wherein said step (e) further comprises the step of: 

10 (e-2) controlling a flow direction of said oxidizing gas, to make the flow direction of said oxidizing gas identical 

with the flow direction of said reactive gaa 

.21. A method in accordance with claim 19, further comprising the step of: 

75 (h) passing a coolant parallel to the flow direction of said reactive gas along the surface of said first electrode; and 

wherein said step (e) further comprises the step of: 

(e-3) controlling a flow direction of thecooiant conduit to thereby reduce said poisoning. 

20 ' , 

22. A method in accordance with claim 16. comprising the step of: 

(i) reforming a fuel to generate said reactive gas: and 
25 wherein said Step (e) comprises the Step Of: 

(e-4) forcbly lowering a concentration ofcarborunoncxide included in said reactive gas. 

23. A method in accordance with claim 22^ wherein said step (e) further comprises the steps of: 

30 

(e-5) reversing the flow direction of said reactive gas along the surface of sakj first electrode; and 

(e-6) selectively executing one of said step (e-4) and said step (e-5) according to the degree of poisoning of 

electrocatalyst estimated in said step (d). 

35 
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Fig. 10 
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